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Abstract
The report reviews the spectrum distortion problem of the deformations distribution function in the mechanical system in 
numerical simulations. For example, the beam deflection it is shown that the virtual function spectrum depends essentially on the 
number and irregularity of the grid nodes location along the beam model. It discusses computational validation of such 
distortions and the results of their mathematical modeling. It is shown that the use of Fourier transform for mathematical models 
verification can provide a mathematically correct formulation of the evaluating distortion task of the real spectrum. This 
conclusion for the quasi-static case allows authors to assert that in the dynamic case, the distortion spectrum will have an 
unacceptable value. The illustrations in the report presents a distorted spectrum distribution function of the beam deflection for 
different values of the density simulation grid and for the case with non-uniform grid. It is shown that the distortion of the 
amplitude spectrum can reach over 75%, while the distortion of the phase spectrum - 1800.
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1. Introduction
The project ensuring task of the construction objects dynamic stability is one of the most complex problems of 
structural mechanics. Currently the digital technologies are widely used in the project modeling, such as the 
software systems using finite element method (FEM).
However, in recent years a metrological reliability studies a number of digital technologies, including FEM, 
confirmed the presence of the fundamental difficulties by computer simulation of dynamic characteristics of 
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buildings and structures [1-14]. The dynamic error of the FEM shows the unacceptably high values, including the 
errors in the calculation of the  basic resonant frequencies values as the whole structure of the building and its 
individual elements. The similar conclusions can be made about the correctness of using FEM to solve the problem, 
and to assess the damping logarithmic decrement value of structural and geodynamic resonances. 
First, the problem of metrological reliability of the finite element method was theoretically considered by 
Professor Hlystunov M.S. in a variety of applications. Them were developed the theoretical model of the distortions 
formation in numerical simulations and monitoring of vector, tensor, dynamic and spatially distributed of stress-
strain state parameters of structural elements and technosphere large-sized objects. This is one of the important 
directions of Hlistunov`s scientific school, which conducts research in the field of microprocesso macroprofile
physics. 
In this article, using a Hlystunov`s theoretical approach, the authors investigate the density and non-uniformity 
effect of the numerical modelling grid on the amplitude and phase spectrum deformation of a real (given, harmonic) 
function of the beam deflection.
2. The method of mesh nodes placement schemes spectral analysis 
We consider the metrological reliability problem of the computational grid for the simplest example of a quasi-
static deflection of the beam (Fig.1) or any other element of the design with a similar scheme of loading and 
deflection curve.
Fig.1. Loading beam construction
Let us assume that the deflection curve of the beam in a quasi-static case is not time-dependent function
2( ) 1 cosy x x
L
S  , (1)
where, for example, L=100.
Let us examine the dependence of this function spectrum from the layout along the beam axis of grid points for 
the deflection calculation.
We will use the Fourier spectrum classical algorithms to avoid possible significant algorithmic virtual distortions 
in the results of the study.
Let us perform the cosine-Fourier transform
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for the values of the lattice functions ( )ky x , for example, 100 evenly distributed grid points for the deflection 
calculation. 
Then the integral (1) can be replaced by the sum
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Similar calculations are applied for the sine-Fourier transform: 
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Using the results of calculations by formulas (3) and (5), the value of the amplitude frequency characteristics of 
the spectrum we calculate by the formula (6)
   2 2( ) Im[ ( )] Re[ ( )]n n nY f Y f Y f  , (6)
and the value of the phase frequency characteristics of the spectrum is calculated by the formula (7)
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Similar calculations are done for uniform but sparse grid consisting of 50 nodes and for nonuniform grid with 25 
nodes, resembling a frequency modulated lattice function, as shown in Fig.2.
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Fig.2. Uneven mesh of nodes for the deflections calculate 
3. Spectral analysis of mesh nodes placement schemes 
The comparative evaluation of the amplitude and phase frequency characteristics of the spectrum in Fig.3 and in 
Fig.4 for different layouts of the grid nodes shows that in a fairly wide bands of spectrum amplitude uncertainty can 
reach 75%, and a phase - more than 180°.
The authors attempt to minimize the spectral error by taking into account the sampling interval amplitude kx'
does not allow to solve the unacceptable dependence problem of the spectrum from non-uniformity and density of 
grid nodes even for quasi-static functions of one-dimensional intensity distribution of a deflection.
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The virtual research schemes of a computational grid forming (as dynamic parameters and two-dimensional and 
three-dimensional distribution functions of the object points displacement parameters and the corresponding two-,
three-dimensional nets host of computational nodes) shows that the error spectrum of the spatial and/or dynamic 
displacements (deflections) is not decreased significantly, and the frequency domain spectrum with unacceptable 
values of error is increased. 
That is, the positive effect of the spectral distortion that reduce significantly the estimated parameters of real 
distribution function was not obtained and therefore the detailed results of these studies, due to their large volume, in 
this article are given.
In this regard, the authors are going to publish several artciles about the integrated and interdisciplinary 
metrological problems of non nets host the nodes influence of the dynamic parameters multidimensional calculation 
on the accuracy and reliability of load distribution numerical modeling in the design elements space.
Fig.3. Amplitude frequency characteristics of the spectrum for different layouts of the grid nodes
Fig.4. The phase frequency characteristics of the spectrum for different layouts of the grid nodes
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4. Conclusion 
The amplitude and phase spectrum distortion analysis of the simulated parameter spatial distribution in the grid 
reaches a wide band of frequencies unacceptable distribution of values (more than 75% and more than 180°).
The authors conclusions made in the previous articles [1-10] of the existence of the spectral phantoms presence 
problem and conformity violations, the uncertainty existence in the multicomponent parameters simulation results 
are confirmed by the obtained data
Unfortunately, the significant theoretical material and efficient simulation algorithms used in communication 
systems and in data-processing systems are focused on high confidence recognition of deterministic signals  but in 
fact there can be used with success the  correlation methods. 
In the above mentioned situation we made the deterministic function analysis  that is the beam deflection 
parameter distribution function, but it just is a particular example, it is convenient to specify the the study objectives. 
In the actual circuit of the grid points the distribution for stress-deformed condition calculation is obviously 
unknown (not deterministic) and it excludes the possibility of long-known and widely used correlation methods.
Along with this, the results of these studies confirm the observations of the authors made in previous articles and 
reports [1-10] on the conformity and reliability violation in the digital methods application of design and quasi-static 
and dynamic stress-strain state computer modeling in a rigid body, including the using of the finite element method 
(FEM). 
According to numerous publications and examples of calculations in promotional materials the software systems 
computer-aided design (ABAQUS, NASTRAN, SCAD and others) is actually encouraged to use a nonuniform mesh 
FEM which distorts significantly the spectral characteristics of the spatial distribution of stress-strain state in the 
designed structures.
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